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By G. Chester Furlong and Thomas V. Bollech 

AE investigation,  with and without a simLkted ground, h s  been 
conducted t o  provi&e flaw incllnetioa and Wasre data behicd a 4-20 swept- 
back wicg .  Tes-ls were made f o r  two model c d i g u r e h i o m ;  namely, the . g h i n  wing and the wLng w i t h  inboard  trailing-edge  split f laps  end out- 
board leading-edge  flaps  deflected. Contour chari;s of downwash, sidewad, 
and dyzmmic-pressure r a t i o  at  two longitudinel  sta-lions behirld the WiEg 
(2.0 and 2.8 mean aerodynamic chords) are presected.  ktegratim-s hava 
bee=  nzde to  obtain  variations of avsrage downwash end dynanic-presswe 
r a t i o  with =@;le of ati;ack. m e  possibi l i ty  of extending the l i f t i c g -  
l i n e  mthod used for cdcuh t ing   t he  downwash behind m-swept wings t o  
the  cas9 of a sweptback w h g  has been briefly  icvestigated. 

Ths quelitative results of the  air-streem  survey for the ground- 
0u-L condition ere, in geneml,  cocaistent with the   resul ts  which would 
be  expected from a consideration of the  spm-load curve associated  vith 
sweptback  wings. It was found d s o  that  without  the ground present 
the   t ip   vor t ices   for  -Lhe pla3hwing  %ere  shed and loceted at  a position 
that  would be expected f o r  a st-might tepered wing. 

The vEriations of average downwash azd average ~ ~ c - p r e s s u r e  
retio wikh angle of attack  indicate that f o r  e i the r  model cop3iguration 
the mst preferable ta i l  location would be below the chord plene extended 
and e$ t h s  most rearwe-rd survey position. In the  presence of -the ground, 
negetive  varietions of average downwash with angle of 'attack were o b t e i n d ,  
end tho- such  varfations would iccrease  the degree of stability, they 
may be rcdesirable from the  stendpoint of trin. 

Cdculations of downwmh  by  -tge l i f t ing- l ine  method (as  appLied) 
uodsrestinated  the experinen-ml downwash at' the plane of symmtry but 
resulted i n  reasonable  eathates of' t h s  experimentel  dm-wash  outboard 
of the plane of symmstry. 
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In order t o  obtaic a satisfactory empenmge design f o r  a c o n v e n t i m l  
airplene, a lclowledge of the  flow  Fnclination and wake characterist ics 
behind  the wing is required. 

Extansive theoretical  and eqperimentel  studies heve been mde or' t h  
f h w  behind  8traigh-L wings xi"&- "he result  reasonable  estimkes or" 
the  f low  inclimtion and w&e cbaracta-ristfcs  can be =de f o r  a s t ra ight  
wing e i ther  wi-ln or without  the ground present  (reZerences 1, 2, and 3 ) .  
Theoretical and experfmz5xLL stu6ies of the flaw behind sweptback  wings' 
are, at present,  limited  in  scops md, hence, no adequate means f o r   p r o p r  
empennage design exist. The experimeotal data tha t  are avai lable   for  
sweptback wi_n_gs were obtained  without  the ground present and a t  re le t ively 
low vahsn of Reynolds n-mber (for exmqle, reference 4). Recently soma 
krge-scale  clata ham been published in  refersnce 5. 

An exparimntal  icvestigation (keynolds nursber 6.8 x lo6) has  been 
conducted ir %he L m ? e y  l9-?oot pressure t u e l  t o  provide  not onLy 
additional  flow  inclination and wake &ate, behind a sweptback wing not ir? 
the pressnce of the ground but also flow data  obtained wikh the wing i n  
the  presence of Zie ground. 

3 e  mcdel ased for the  present  investigetion had 42' sweepback of' 
the leading edge, an aspect  retio of 4.. 01, e, t aper   re t io  of 0.625, and 
3ACA 64,-ll2 a i r fo i l   s ec t iom normal t o  the 0.273-chord l ine.  Tests were 
3laae with a?-& wit3ou.i; a simuleted ground f o r  two nodel configurations; 
axnely, the plair, vir4 and the w b g  w i t h  inboard  trailing-edge  split flags 
and oatkoar6 leading-edge flaps  deflected.  Force and  mment data obtaimd 
tarough the angls-of-ettack range for ssveral v a l u e s  of Reynolds number 
have been pressnted  in  refersnce 6 .  

The presez5  papsr  contains  contour  charts of downmsh, sidewash, and 
ay_rsamic-pressure ra t ios  a t  two longitxdinal sta-lions behFn-d the wing (2.0 
end 2.8 mean eerodyndc  chords).  Tne locations of the  t ip   ; ror t ices  have 
been shown on t a e  contour  cnarts of "c-presszre r z t io s  f o r  t h o  plain 
wing wiA&"o-xt the gmund present.  Integrations have  been mede to  obtain 
vmiations of average dommsh and djTnanic pressure with angle of attack. 
V a l m s  of dovawash k;aTre been cal~xil.ated by extending the method presented 
i n  rsr'erences 1 a d  2 t o  eccount for ths  sveep of the 0.25-chord 1b-e; 

Tks ground was simulated in the tmne1 by mans of a ground board. 
Alt%ough t i ts  nethod of gromd representation is not i d s d ,  the results 
of tke  present  testa  are  believed t o  be indicative of the ground- 
inte-zference  efl'ects on a sxepkkack wing. 
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angle of atA&ck of wing root  chord, &epees 

free-stream Qnam3.c pressure, pounds per square 

foot  (G) 
w i n g  spm, feet  

l o c d  chord, feet  

m a n  aeroaynamic  chord, feet  ($r'2 c2 ..) 
mss density of eir, slugs per cubic foot 

streazll velocity, feet per seccxnd 

l oca l  stream &ymmic pressure, pound per  s q m m  foo t  

l oca l  downwash angle, degrees 

sweep angle of 0.25-chord line, degrees 

r a t i o  of local-etrean dynmic gmssure t o  free-stream 
dymnic pressure 

vertical   distance,  feet 

l o n g i h d i d  distance  from 0.25-chord p o k t  of root chord 

vortex  senispan (always poeitive) 

lateral dlstence from plane of symnetry 

downwash fac tor  

W total indcced downward velocity 
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section lift coefficient 

vortex streDgth 

c d c u l a t e d  downwash angle,  degrees 

d o m m d  displacemnt, measured no-ml to the relative 
wind, of the center line of the wake and the t r a i l i ng  
vortex sheet from i ts  origin a t  the trailing ecige, feet 

Integrated air-stream surveys : 

averam qt/q, obtained by 

€av 

where 

C t chord of ficti-lious -11 

b, Sp&Il O f  f i C t i t i O U 6  hi1 

area of f i c t i t i o u s  tail 

spanwise distance 

St 

Yt 

rate a* change of eav -d th  angle of atthck 

MODEL AND APPARATUS 

MoOel 

The model nomted on the normd  wing-support s y e t m  or' the 
Langley Lg-foot press- tu?? l  is sho-m ir_ figure 1. The wing had 



42' sweepback of the  leading edge, a taper   ra t io  of 0.623, an aspect 
r a t i o  of 4.01, a d  NACA 6b1-u2 ai-Moil  sections ~ o m l  t o  the 0.273-chord 

l ine .  me  0 .20~  t ra i l tng-edge   sp l i t  f l q s  were dellected 60' Tram the 

lover surface m d  extended f rom the   mot   to  O.3CP. The leedlng-edge  flaps 

extended  from 0.400- t o  0.97%. The pr incigal  dimensions of the mdel arid. 

b 
2 b 

2 
f laps   are   given  in  figure 2. 

Prior t o  the present  investigction,  the wing had been equipped wit-h a 
leading-edge slat xhich  extended from 0.40% t o  a.973. It was fcw-d Y l a t  

i n  %be re tmcted  posi t ion -the slat sllgh-bly altered the NACA 641-112 air- 
fohl s e c t i m s  and cause6 a slight  discon-limlty alm-g -Le 0.20-chord 1 h e .  
The re su l t s  obte-ined in  the present tests, therefore, do not  necesssrily 
represent  exactly -Lhose which would be ob&&irzed on a wing with true 
NACA 6b1-u2 atrfai l   sect im-s .  The nodel WES maintained in a smcoth condi- 
tion during  the tests .  

b b 

* 

Apparatus 

The eerodynado  forcss were measured by a simltaneous-recording, 
six- cowonent  balance sys tern. 

Survey apparatus. - Tne Langley 3.9-f oot-pressure-tunnel su-mey apyasetus 
and m l t i p l e  survey head (fig. 3 )  were used to  obtain doTmmsh m d  dynamic 
pressure  behind the wi~a. The nultiF3.e survey heed consists of s ix   p i to t -  
s t e t i c  tubes  with  Ditch and yaw oriffces  in the  hemiqherical  kips. The 
survey  aggazatus  mintcined  the rake ver-lical as it was moved. l e t e r a y  
along the  spm. The m l t i p l e  survey  head bad been pretiouslg calibrated 
through know- pi tch and yaw angles. A l l  pressure leads were caoducted t o  
a multiple-tube  nanomter aTld during the tests the data were photograph- 
icd3.y  recorded. 

A probe coc ts ic ingthree tuf t s  spaced 1.5 inches was used t o  locate  the 
tip vortex. The probe was attached  to the survey strut. 

Ground bo6rd.- "he ground board consisted of a steel frama-work covered 
with plywcod on both the ugger m-d lower sm"&ces, which resulted i n  an 
over-all  thiclmess of b inches. (See fig. 4.) A slot exten&hg the fu l l  
width of tbe grouncl board and locaLkd 1 foot  Fn f ron t  of the 0.2gE of the 
wing was 9 r o v i b d  es a means of boundara-layer  control. The ground board 
w a s  supported in  the -Lunnel teat   sect ion by mans of wall brackets and 
center  posts . (Bee f'igs. 1 m d  4. ) The supgort system dlowed a ground- 
board t rave l  f r o m  16.0 t o  31.9 inches below the .cea te r  1Ine of the tunnel 
(center af rotat ion of the m0el). A more &tailed  description of the 

, ground board is  contaiced ill refersnce 6. 
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Tests 

The air i n  the tunnel w z s  com-gressed t o  egproximetely 33 pounds per 
square inch  absol~ite for a U  tests. The tests were made a t  a Xeynolcis 
nmber of 6.8 x 10 ('based on the M.A.C. or" the wing), which corrss_conded 
to a dynamic presau-e of approximately 80 pounds per  square foot  anti a 
~ c k h  ndtmr  of 0.14. 

6 

. 
A preliminary  imsstiga.tion was cond-mted to determine  the  flow 

characterist ics on the gromd board and i n  the tunnel test   section both 
with and without the nodel  present. "?ze resul ts  of' these tests are  
aummrized ~r reference 6 .  

30wnwash, sidemsh, and aynaaic-pressure  surveys wers =de f o r  each 
model m d  grolmd-board configuratioll at  two longitudinal  stations. The 
gosi-irone f o r  &the survey  apperatus were selected s o  that they  apsroxiwted, 
Wrougi the angle-of -attack range of the tests,   stations 2.05 and 2. &- 
behind the C. 25-d of Athe wing measure5 along the chord plene  extended. l!he 
maximum veriatiori 0;" the s-ta-tions 2. OE and 2.8E from the locations of A&e 
survey apsasatus was only 0.5 inch through the engle-of  -attack  rmge of' 
t l e  t es t .  D u e  t o  the f a c t  tha-i the  t ra i l ing edge of ~JIS wing was swept 
beck, the distance between the survey rake and the   t ra i l ing edge of the 
wing decreased a6 -the res was moved from the  plane of symmetry. Deta 
were obtained a t  three angles of attack for the tests of the  plain w i n g  
m-d a t  four argles of attack for t h e   f l a n e d  wing. The angles of attack 
f o r  t?te t es t s   in   the  presence of <he ground were selscted so that the 
values of l i f t  cosfficient  obtained were 05 agproximately the same ma@- 
tude as tnose  o'bkined with the ground board out. . 

In conJunction with the eir- streem ailrveys, tine t i p  vortex cor3 was 
located by o'bserving the  rotational movemnt of a wod tuft on a :rote. 

Corrections 

The l i Z t  data b v e  been correckd  for  support-tare and s t ru t   i n t e r -  
ference &s detemhed by tare   tes ta .  The values of angle of attack have 
been corrscted for jet-bounciary effects  and air-stream dsalinement. 

The air-sf=m--survey ate. h&vs bseo corrected for jet-bounciery effecto 
which consist of an angle change to  t h s  tiownwash and a downward displace- 
reent of the :low field.  

I 
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With the ground board in the tu-n-rlel test section, it was not  possible - to  obtain  corrections for support-tare end stmt interference. The 
gromd-board-out corrections for sugsort-tare and strut interference, 
however, have  been applied t o  the ground-board-in l i f t   d a t a  in  the  belief 
khat  they would be of L&-e same nature,  altnough  not  necessarily of the 
sane mgnitude, as would be  obtatced  with the ground bosrd in. 

Calculations made for   other  ground investigations (such e8 refereme 7) 
have shown that a% smLL ground heights,  jet-bowdmy  corrections  are 
negligible; hence, they have been neglected In the  present  tests.  

Ground Distance 

The vertical  distance  fro=  the 0.25F of the wing to  t'ne ground bead . 
(regardless of bounderplayer  thickness on the gromd board) i s  referred 
t o  as the ground distance. -kasnruch as no stendard point OF reference 
exists,  the 0.BFhas been  used  because it is the most convenient  point of 
rsference f r o m  considerations of t e s t  procedure. The model is sugported 
in  the  tunael at the 0.258, and t o  maintain a constest gromd distance for 
any other poFn_t or" referance would hzve necessitated norring the ground 
board  as  the angla of a%Lck of the wing was changed. 

Based on the  preceding  definition of gro-and distmce,  the ground 
distences of th  present   tes ts  were 0.686md 0.92~. 

Air-Skream Surveys 

The veriations of l i f t   coe f f i c i en t  wi-th angle of a t k c k  obtained 
f o r  both lnodel cmTigmatians are presented in figure 5 t o  es tabl ish the 
locations of the  %est conditions for  the  air-stream surveys. 

The air-stream- suzrvey data :have been cross-plotted t o  obtain cozzto-xr 
charts of dynemic-pressurs ratios, do-nwash, and sidewash In ver t ica l  
planes 2.05 and 2.&-behind the 0 . 5 ~ .  m-e charts  are  presented in 
figures 6 t o  17 and, for reference, %he data presented are silnuarized t-n 
teble I. 

The ef fec t  of the model sug2ort stmts on the  flow et *-e survey - planes was small even -thou& tu3 studies infiiccted th~t flow  separation - on the strats occurred a t  moderate mgles  03 attack with the ground board 
present. The regions  aZfected  are  easily  discelT-able on the contours o? 
m ! c - p r e s s u r e  r a t i o  for t i e  plain wing as &re&s of reduced  dynmic- 
pressure r a t i o  in   the  vicini ty  of 0.50 %/2. mer.  the flaps wem deflected 
the  xing and stm% w&es intermixed md hence the stmt wake l o s t  i t s  
identity. 



The coctours of  &ynmlc-pressmw rat io ,  donwash, a n d  stdewash havo 
been shmn with reference t o  tbe chord  plane  extecded. The interssction 
of the chord  plan8  extendsd  with  the g lme  of survey haa been ar3itrar-Q 
selected as the  reference  line and a q y  hoz-izontd. % a i l  w i l l  r a m k  a 
co9stan-t distaoce from t h i s  lille as the angle af attack of the wing is 
changed. In  order t o  isdicate  the  positicn of the  f lox  Xeld OP the wing 
with  raspect t o  the wlng, the O.25-chord l i n e  of the wing has .been 
projected on%o the plane of survsy in  the  contours of dymnk-pressure 
ratio.  

The qualita%ive resyllts of the air-stream survey for   the  ground-out 
condition  are, i n  general,  consistent  with  the  results which would be 
expected Prom a consideration of the  span-lif t  curve associated  with 
swsptback wings. Tie span l i f t  fo r   t he  -tL-L+lapped wing, coaputed by the 
empirical method prese-n-ted i n  reference 8, indicates that  negative 
vor t ic i ty  is shed over the  inboard  sections of the wing and, hence, it 
should %e expected tha t  the maxim domwash would occur  outboard of the 
p lme of  symmetry. For ar, uzlswept wing of the a m e  taper  ratio,   the lFft 
would increase  to the plane of synmetrJ and it would be  here that the 
~lraxi?rmm downwash is reached. Ln the present tests, the reduced domwash 
a t  the  plane of syametrg (f iga. 6 m d  7 )  is d s o  due in  part t o  the f ac t  
tha t  A&e distance from the w i n g  to   the  plane of survey is  greateet at  t b  
plane of spmetry. m e  vortex sheet is displaced downward end the m i -  
tude  appears t o  be of tha s&me ollaer as f o r  unswept wings. The wake 
center ltne %raveled from jus% above the chord  plane  extended t o  a mi- 

, ~115~?1 height oI" O.l7; a t  the highest angle or' attack (a = 16.0°) and most 
r e a m r d  survey position (2.88). 

The air-stream sxmeys behind the flapped wing (figs. 8 and 9) show 
t o  some extent  the strong affect  of the f l ap  tip vor%ex and secocdarg 
effect  of the qncrease in  atrength of the bound vortex produced inb- 
by the   f lap cn the flow Ti83.a. The downwash i s  hcreased and the wake is 
lowered  behfnd the  flapped  portion of the wing. 

The t ip   vort ices ,  as indicated by the  present surveys f o r  the p l a i ~  
wing, are shed  and located  in  approximately  the same position as would 
be  expected for a straight +apered wing. In the range of th3 tests 
there is very l i t t l e  rol l ing i n  of the vortex, a f a c t  no5 anreasonable 
when it is realized  that  the  distance aft of t he  geomtr ic   t ip  i s  much 
less than the- 2. €E lasasured  from 0.25E. 

The presence of the ground ceused for  both model configurations 
(figs. 1.3 t o  17) the usual reduction io do-mneh and upvard displacement 
of the wake. hasmuch as the   re f lec ted   t ip  vortex is opposite In directian- 
t o  the real t i p  vortex, it w o d 3  increase  the  negative values of qidewadl 
(olltflow) a d  decreass  the  positivs  values of siriewash (inflow). 
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.. Average Velues of Downwash and Dynam5c Pressure 

Variations 05' average do-wnwesh and  aynamic-pressure m t i o  with =&e 
of attack have been  ?resented i n  figures 18 aad 1930 show the  effects  of 
t a i l  span and iail locatlon  (vertical  and. longitudinal) on tae s k b i l i t y  
of a wing-tail  combination.  integrations w e r e  made across  the  contour 
charts at various  vsrt icel   gosit ions and spans of e, f i c t i t i o u s  tail of 
constant  chord and zero sweep. At each  long3tudlnd. survey plane (2.0 

a t  ground 6lstances of 0.3% above, 0.2g above, on, end 0.2% below the 
chord  plane  extended. Where physical limi-tatiom  prohibited  obtaining 
da5a 0.23 below the  chord plene extenaed, several variations have  been 

gresented  for tail heigl ts  of O.O> and 0 . 1 2 9  below .ths chord 'plane b 
2 2 

extended. 

2.8~) ,  Integrations were me& &cross t a i l  spans OS" 0.25 and 0.5% and 
b 

b 
2 

b 

Inasmuch as the data presented are f o r  a wing alone, the resu l t s   a re  
not necessarily  indicative of those t&~t woul6 be  obtained with a fuse- 
lage present. The resu l t s  of an investigation of this wing tes ted In 
conj-mction  with e fuselage are presented In reference 9. 

Tlzs data  presented  in figures 18(a) asld 19(a) show that -the size  of 
- tail span up t o  0.5+ has very little ef fec t  on &/act s i t h e r  wit'a or ( ") 2 

without  th6 ground for   the plain wing, whemas &.&/6CL fncreases M-th 
increased  span  for %he f h p p e d  wing. me increased d u e s  of dc/& f o r  
the flapped wing can be a t t r ibu ted  to the  influence af the f h p -   t i p  
vortex. 

Near mxim lift, the greater tail length  resulted in  a slight 
decrease i n  dc/& for "&e plain wing ma an even greater  decrease  for 
the  flapped wing. 

m e  most hpor t an t  garameter, as reGrds tall locat ioa for e i ther  
the plain  or  flapged wFng,epgears t o  be the vertical position. Almost 
without  exception,  the  values oI" a€/& &re decreasing near the maximum 
l i f t  of the wing f o r  tail Locations on or below ',he chord  plane  extended, 
while f o r  tail sosi t ions from &he chord p l m e   t o  0.3 8- akove, the valuea 
of are increasing. T..e low d u e s  of for low Lail 
locations  indicate that BR increase i n  s t a b i l i t y  will probably be obtained 
as ths  t a l l  is lowered. Although t-he values of &/du are decreasing  neer 
nzximm lift for   the tall locatlo= on the  chor6  ?lene  extended, the 

location. Ths contours of Qnanic-pressure re-Lio indicate  th&t when the 
flaps  ere  cieflected the wake is agproxinmtely 0.1% b below <ne chord  plkne 
extended a t  l o w  angles of attack. A t  hi&  angles of a t tack o r  when the 
flepped wing is in  t??e presence or" the ground &ifbe wake haa ?Iroved up to  
witun 0.12 of the chord plene extended. 

b 
2 

I influence af the wake (Figs. 18(b) and 19(b)) be dekrinental a t  Ynis 

.. 

2 
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The greaence of the ground subs-iantially  reducsd  the  values of &E/& 
and a t  the lowea-t groi*r?-d height a c t i d l y   p r o d x e d  slight negative  values 
of de/& near rraximm L i f t  ?or ths  plain wing. Tlze valiles of d€ /&x 
for  the  f lapped wing becma even nore cegative a t  low ground heights  then 
those f o r  t he  ?laic wing, an& althouejh negative  values of a€/& w i l l  
improvs the sAx%bility,  such  varlations m y  be unbs imble  from the stand- 
poict of t r i m .  

The 6ata obtained for the  plain an6 flapped w a g  with a d  witnout 
the ground present  indicate  that  from a consiOeration of downwash and 
dynardc pressure  the post favorable % i L  location would bs below the 
chord ? h a  extended and with the  greater tail 1engt;h. 

Calculated Downwash 

The poaeibil i ty of using l if t ing-line  thsory t o  determine ths  
dom-wash behind sweptback wings has been briefly  inveseigated. The pro- 
cedure for the  calculations is given i n  ths  appendix.  Experimental 
res-d.ts have been cowared w i t h  variations of down-ash with  vertical  
distmce,  calculated a t  the clane of' symnetry and ai; a spazwise 
s ta t ion 0.33- (figs. X) ma a).  lie vert icd  reference  point  is; figure 20 
is the  0.25-chord  poixt of the root chord an0 in   f igure 21 it is the 
0.23-ckord point of the chord et spawise s ta t ion 0 . 3 = ~ ~ .  b The spanwise 
variations of maximum downwash obtained  experizzentally a;~e presested 
i n  figure 22. Also incl-dhd i n  t h i s  f i gne  are values OF downwash calcu- 
lated a t  the  center of Lhe vortex  sheet and as can be seen in   f i gu re  20 
they do not necessarily  represent  the m i m u  values  obtainsd. 

b 
2 

It is apparent in figure x) t k t  the  li?ting-lice  thsory, a8 applied 
i n  %he present  calculations,  underestimates  the  experimnixd down-ash Ln 
the  plan8 of symmetry. For  the  an&e-of-attack range shown, the value 
01" &E/da c d c d a t e d  i s  approximatdy 20 percent  lower than that obtained 
experinrentally. The reaults  presented i n  figures 2 l  end 22 show that the 
agrement  inproves  outboard of tne  plene of symmetry. The assmpticn was 
-de i n  the calculations f2mt the  vortex  sheet was shed along t h e  0.25-chord 
L i m  an0 tlmt  the wing was a t  zero  degree a@" o? attack. Tlzs calculationa 
were repeated -&king in to  account ths tilt of the vortex s h e %  (extendi-n-g 
frm the  0.25-chord l i ne )  as the  angle of attack  increesed. The result6 
cf these calculaticns wers esaent ia l ly   in  agreement witi3. ths ori@-nal 
calculations.  In order to  ev&luate  the upwash contributed by the Eega-Live 
vorticity  shea  over  the  inboard  sections of the wing, calculations were 
=&e neglecting  the  negative  vorticity. T5e  dcm-wesh a n a e s  obtainsd are I 

shown Ln r'i@;cre 20 a ?  the calculated valus of &/&x is  now only 1C per- 
cent  lower than t h e  experixen-lel valtle. Xeglecting  the  nsga-iive vort ic i ty  
a t  ",e inboard sect iom had a neglfgi'ols eI'fect on the downvaeh calculated 
ai; sta-liorLs o=lt"oard of ths plane cf symroetry. 



Reference 2 indica-les A&-at for dmgash  calculations behfnd straight 
wb-gs the  displacement of the  vortex sheet must be  accomted f o r  aria the 
distentioo of the  vortex sheet may be neglected. The displacement of the 
Po-rtex sheet, emgloying the method of reference 2, ep-gears adeguate for 
s:reg-Lback wings (figs. 29 and 29.) whereas the  distention o? the vortex 
sheet  behind  a sweptback Wing rney no% be 8- ecoii& to neglect. 

The resu l t s  of the  inveatigatioE to Srovide f low inclination and wake 
data  behind a 42O sweptback w i q  both wikh and without a simla%ed gr0U-n-d 
preseEt  i-mlicate: 

1. The qpal i ta t ive  resul ts  of the a i r  strean eurvey for the ground- 
out co3dition me, in geEeral,  colaistent with %he results which would be 
expected from a consideration of the  span-load  curve  associated  with 
swepkback wings. It was  fomd ais0 that without the grounA pressnt the 
tip vortices f o r  the plain w i n g  were shed ami located a t  a position t h x t  
wo-iild be  expected f o r  a straight tepered wing. 

2. The varia-lions of averege downwzsh and average T c - p r e s s u r e  
ratio %ith  angle  of a t t ack   hd ica t e  %h&t f o r  e i ther  Illode1 cofliguratioc  the 
most preferzble ta i l  locatiorr would be below t h e  chord plane extended and 
at  -&e most reerward  survey  positfon. h- the presence of the ground, 
nsgative  variations of averege downwzsh wfth =&e of at tack were obtained, 
End tnough such var ia t toas  wou ld  hcreaae  th3 degree of stabil-lty,  they may 
be undesirable from the stendpoint of t r i m .  

3. Cdculations of downwash by the   l i f t ing- l lne  method (as applied) 
undsrsstkmted  the  axperins-n-fd downwash at the plane of apmetry but 
resultsd i n  reason&le  eetimtes of the experimental downwash outboard of 
the plane of eyarme-lry. 

Langley Aeronsuticel Laboratory 
Ikt ional  Advisory Gonmittee f o r  Aeronautics 

Langley Field, Va. 
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The reasonable agreement, attained for unswegt wings,  between values 
of downwesh calculated by the method presented i n  references 1 and 2 and 
-those obtaineb by experimnt suggests an extenslon of the methob t o  
accomt for the sweep of the l i f t i n g   l i n e .  Obvious objections or sinrpli- 
f ics t ions inposed by the  liftinG-line method have  been discussed rather 
conpletely in  reference 1 for the case 02 &I- unswept wing and it can be 
assumed that  they  apply i n  essence t o  sweptbPrck w5ngs as well. Although 
the  asgect  ratios of sweptback wings are, in general, sml le r  than those 
of the mswept w i n g s  treated  in  references 1 and 2, i n  the region of the 
tailplane,  the  lifting-line  theory may still be expected t o  render  appmxi- 
mate estimates of the downwash. L i t t l e  is born of the downward 6isplace- 
ment and disterkion of the vortex  sheet  behind a aweptback wing; hence, f o r  
the  present  calculations <he assumstions made for unswept wings are agplied. 

The Biot-Savart  eqwtion  has been expanded, as in reference 2, t o  1 

determine the induced-downward velocity due t o  the bound vortex and two 
trail ing  vortices,  assuming, however, that the bound vortex is swept along 
the 0.25-chord. line. The resulting induced-down-mxd velocity for m y  
point whose coordinetes are x, y, z may be expressed in f ract ion of 
stream valocity as: 

- 

I 

I r' 



I 

* 



. 
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The Usplacement of the vortex sheet acco-g to reference 2 is 

h =  
X 

For t'le present celculations the span-load curve was computed by an 
enrpirical nethod which adayts Schrenk's lllethod to sweptback wings 

*(reference 8 ) .  

4 
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(5) u = 8.5O; cL = 3.91. 
(c) c 13.50; % = 1.20. 
(d) c = L6.8'; C, = 1.35. 

(e) a = 2.k'; % = 0.59. 
(b) a = 7.1°; C- = Om&. 

( c )  a = 9.70; 9 = 1.0h. 
(a) a = i2.50; 0, = 1.18. 

A I  

(a) a I 2.4O; % = 0.62. 
(b) a = 7.3'; % = 0.91. 

(a) a = 13.6O; % r 1.20. 
( c )  a = 10.0'; % E 1.00. 

[a) a = 3A0; c;, = 0.61. 
(b) u = 8.5'; CT, = 0.9~. 
( c )  c = L3.50; c, = 1.20. 
(a) a = G.8'; CL = 1-39. 

-8 

(a) a = 2.k'; c;. = 0.62. 
(b) c = 7.30; cr, = 0.91. 

Eeeilec-&d 2.8 0.68 
(d) u = 1 3 n 6 4 ;  CL = 1.20. 
( c )  a i 10.00; CL = 1.00. I 
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(a) Front view. 





(b) Rear view. 

Figure 1. - Concluded. 

m 





Figure 2,- Layout of 42' sweptback wing. All dimensions in inches. 
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(a) Photograph of rake head. 

(S) Sketch of tube head. 

Figure 3.- Langley 19-foot pressu-re tunnel air-stream survey rake. 
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Figure 4.- Sketch of 4 2 O  sweptback wing and  ground board used in the 19-foot pressure tunnel. Ground 
distance 0.68 M.A.C. 
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(a) Flaps  neutral. (b) Flaps  deflected. 

Figure 5.- Variations of lift  coefficient with angle of attack for various-grourid  distances. Flaps  neutral 
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and flaps deflected; R = 6.8 x lob. r? 
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figure 8. - Downwush angle  sidewush angle ,und 
dynumic -pressure rafios behind ff 42" sweptbuck 
wing. Longiicudhul plune of survey ut 2.0 M.A.C. ; 
fiups deflected ; ground dstunce a. 
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f igufe 8. - Cont/hueu'. 
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Figure 8 - Confhued. 
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Figure 61 - Conduded. 
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Con fours of dynamic -pressure mfio 

Figure 9. - Downwush angle , sidewush ang/e, and 
dynmic - pressure mhos behhd a 4Z"slveptbmk 
wing. Lonqifudind phne of survey ut 2.8 M.A.C.; 
flaps def/ecfed ; ground &&e W 
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Confours of dynamic -pressure rutio qr/9 

Figure 9. - Confhued. 
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Figure 9. - Conc/uded. 
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Confours of dynamic -pressure rof& qr/9 
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figure // - Downwush oqle , sidewush ung/e, und 
dynamic pressure ratios behind a 42 * swepfbuck 
wing. L ongitudind piane of survey ut 2.8 M. A.C. ; 
f/ops neutr a/ ; ground dstmce 0.92 M. A.  C. 
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Confours of downwush ungle € und s~&wic;rsh ungk 0 h mrees 

(c) Cr= 14.6: CL = 0.95. 
Figure /L - Concluded. 
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Figure /2. - Downwush ungle . sidewush ung/e . and 
dynamic - piessure rutios behind u 42 O sweptbuck 
wing. Longifu&nu/ plune of survey of 2.0 M.A.C. ; 
flups deflmted; ground dstmce 0.92 M. A.C. 
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Contours of downwush  angle € and sidewash angk 0 ~ i r  &grees 

(b) E =  7.1: CL= 0.89. 

Figure I!.!. - Continued. 
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Figure L.2 - Continued. I 
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Figure 12. - Concluded 
t 
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Figure l3. - Downwash  angle I sidewash  angle , and 
dynamic -pressure rutios behhd 0 42 swepfbau=k 
wing.  Longifuu?naa/  plane of survey at 2.8 M.A.C. ; 
flups deflected ; ground  dstmce 0.92 M. A.C. 
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Figure f 3. - C on f inued. 
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Figure i.3 - Conc/uded . 
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Contours of downwash an&e € und s~bkwa~sh ungb 0 h &pees 

Figure 13: - D ownwash ungle , sidewush angle, and 
(a/ a=6.?; c,= 05/. 

d’numic - pressure rutlbs behind u 42 sweptbuck 
wing. Longifudinul plane of survey at 2.8 M. A. C. ; 
flops neutru/ ; ground dsstance 0.68 M.A.C. 

. 
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Contours of dynumic -pressure rutio qt/Q 

. 
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Figwe 16 - Uownwush angle , sidewash angle , and 
dynamic-pressure ratios behihd u 42" swepfbock 
wing.  Longitw'inal plan? of survey of 2.0 M.A.C. ; 
flups def/ecfed ; ground dstume 0.68 M.A.C. 
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figure 16. - Conf hued. 
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Figure 16 . - Conthued. 
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Contours of dynamic -pressure rutio qr/Q 

Confours of downwush ungk € und skdewsh ungk 0 h kgrees 
(d) ff= 13.6: CL=/. 20, 

Figufe 16: - Concluded. 
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Confours of downwash awle € and si&wu.sh ungk 0 / i /  dgrees 
(0) E= 2.4O; C' = 0.62 

Figure 17. - Duwnwush ungle sidewush ungk , um' 
dynamic-pressure rutios behind D 42" sweptbock 
wing. Longifudinu/ plane of survey of 2.8 A4A.C.; 
flops def/ecfed ; ground dsfmce 0.68 M.A.C. 



,-r. 

WlCA RM No. L8322 
a 

I I I 1 I I I I I I 
Contours of dynamic-pressure rutio qs/9 
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Groundboard 1 I 
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Figue / 7 .- Confinued 
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Figure 17 .- Concluded. 
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" 
Survey plane 2.0 Y.A.C. 

(a) Average damwash angle, I a v ~  degree B . 
Figure 18.- The variation of average damwash m g l e  and dynamic-preasure r a t foe  with mgle of at Lack 

f o r  various ground dfatmces, tail lengths, and t a i l  apms. Flaps neutral. 



(b) Average dynamic-preosure rbbio, (qt/q)m. 

Figure 18.- Concluded. 
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' r c ,  

Tail span d . 3  b/2 

Survey plane 2,O M A C .  

\$z&7 
Survzy plane 2.H M.A.C 

Figure 19.- The variation of average downwash angle and dynamic-pressure rab los with angle of ahtack 
f o r  various grounde distances, t a i l  lengths, and tail spans. FlapB deflected. 
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-D- -0- + -&. 
0.25 0 -0.13 0.15 

Gmund rlrst:%nce 0.92 M.A.C. 

(b) Average dynamic-pressure r n t j . 0 ,  (q.,./q),, . 
Figure 19 .- Concluded. 
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c = 13.1~ c = 15.0c 

(a)  Survey  plane 2.0 M.A.C. 
experlmentel 

" - - calculated 

"- CelcrilGted [ne&lecth&  negative  vorticl ty 

at l3boal.d sect icns)  

c = 1 3 . 1 ~  c = 1.5.0" 

0 4  8 0 4  8 0 4  8 /2 
E# deg 6 e7 -" . N++- 5, deg 

( 0 )  Swvey plane 2.8 M.A.C. 

Figure 20. - Variation of calculated and experimental  values of dowfiwesh with 
vertical distance at the plane of symmetry. (Vertical reference point 0.25 
chord at plane of symm-etry. ) 
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Figure 21. - Variation of calculated and experimental values of downwash  with 
vertical distance at a spanwise  station 0.3313/2. (Vertical reference point 
0.25 chord at spanwise  station 0.33b/2.) Survey plane 2.0 M.A.C. 
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Figure 22.- Spawise variation of rnaxim-u-m experirnmtal ciownwash a d  
calculatai dmvnwash 2t the center of the vortex sheet. 


